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Nitrogen Metabolism in Acanthamoeba castellanii: 
Amino Acid Consumption and Composition Patterns 
WARREN D. DOLPHIN1 
DOLPHIN, WARREN D. (Department of Zoology, Iowa State Uni-
versity, Ames, Iowa 50011). Nitrogen Metabolism in Acan-
thamoeba castellanii: Amino Acid Consumption and Composition 
Patterns. Proc. Iowa Acad. Sci. 82(3-4): 171-174, 1976. 
Quantitative analyses of the amino acids in the culture media be-
fore and after population growth demonstrate that Acanthamoeba 
castellanii selectively utilizes amino acids from Adam's defined 
medium (DM2 ) and Neff's optimal growth medium, but no amino 
The most recent reviews of protozoan nutrition and physi-
ology indicate a dearth of information regarding nitrogen 
metabolism in the protozoa except for a few well-studied spe-
cies of flagellates and ciliates (Kidder, 1967; Wagtendonk 
and Soldo, 1970). Studies of nitrogen metabolism in the sar-
codinids have dealt primarily with the question of nutritional 
requirements and macromolecular metabolism, neglecting the 
area of nitrogen compound interconversions. The Hartman-
nellid amoebae are no exception to this generalization, though 
they can be grown on strictly defined media (Adam, 1959, 
1964; Adam and Blewett, 1967; Band, 1962), making them 
excellent experimental material to be used in studies of sar-
codinid metabolism. In a series of experiments, of which this 
is the first, various aspects of nitrogen metabolism in Acanth-
amoeba castellanii will be examined with the ultimate goal of 
describing transport, metabolism, and excretion of nitrogenous 
materials. 
This study of the amino acid nutrition of Acanthamoeba 
was undertaken to determine ( 1) what amino acids are uti-
lized from Neff's optimal growth medium (OGM) and 
Adam's defined medium (DM2 ), (2) the amoeba's amino 
acid composition in these media, and ( 3) the excretory pro-
ducts of amino acid catabolism. 
MATERIALS AND METHODS 
Acanthamoeba castellanii (Neff's 1-12 strain) was axenical-
ly grown in OGM (Neff et al., 1958) or DM2 (Adam, 1964), 
except that in the latter the minor salt component was 
doubled. In both media, 100 mM glucose was the carbon 
source. The initial pH was adjusted to 5.5 in DM2 and 6.5 in 
OGM. 
For the amino acid utilization studies, amoebae were cul-
tured in sterile, capped centrifuge tubes. When the popula-
tion had reached maximum density, the tubes were gently 
centrifuged, and the growth medium transferred to another 
sterile tube and reinoculated with more amoebae. This pro-
cedure was repeated four times to ensure detectable reduc-
1 Department of Zoology, Iowa State University, Ames, Iowa, 
50011. 
acid is completely depleted during normal population growth. The 
cellular amino acid content varies for amoebae grown in the two 
media. The most common total cellular amino acids are alanine, 
aspartic acid, glutamic acid, glycine, and leucine. The most com-
mon free amino acids in the intracellular pools are alanine and 
proline. In DM2, NH3 is produced at a rate of 0.027 picomoles/ 
amoebae/hour. 
INDEX DESCRIPTORS: Amino Acids, Nutrition, Acanthamoeba. 
tions in amino acid levels in the media. After the last trans-
fer, the culture medium was harvested for amino acid analy-
sis. 
To measure free cellular and protein amino acids, the 
amoebae were removed from the growth medium and washed 
with 0.15 M KCl in 5% sucrose. The cells were left in the 
washing medium for one hour before being fractionated to 
allow pinocytotic vacuoles containing growth medium to be 
metabolized. Free cellular amino acids were separated from 
proteins by treating the amoebae with 10% tricholacetic acid 
( TCA). The TCA-precipitated proteins were washed with 
95% ethanol and hydrolyzed with 6 N HCl for 22 hours. The 
TCA-soluble material was extracted three times with diethyl 
ether to remove the TCA, and the resultant solution lyo-
philized. 
Amino acid analyses of culture media and cell fractions 
were done on a Beckman 120B Analyser using "hydrolysate 
columns." The detection limit is estimated to be 10-9 moles 
per ml. 
Ammonia production was assayed in Warburg flasks con-
taining a cell suspension in growth medium and filter paper 
saturated with 0.5 N H 2S0 4 in the center well. The stoppered 
flasks were incubated with agitation at 30°C and the reac-
tions stopped by tilting 2N NaOH into the flask from the side 
arm. This raised the pH to 12, and quantitatively transferred 
NH3 to the center well in three hours. The center well con-
tents, after being neutralized with NaOH, were analyzed for 
the presence of NH3 by the salicylate-dichloroiso cyanurate 
method of Reardon et al. (1966). 
RESULTS 
Amino acid utilization was observed by sampling the 
amino acids in the two growth media initially and after four 
cycles of population growth (Tables 1 and 2). Both OGM 
samples were acid-hydrolyzed to digest any peptides that 
might be present and serve as amino acid sources when in-
gested pinocytotically by the amoebae. DM2 samples were 
not acid-hydrolyzed. All amino acids assayed were consumed 
to some degree. Arginine, histidine, isoleucine, leucine, phe-
nylalanine, threonine, and valine had the greatest changes in 
both media. The minimal amino acids required for growth 
by Acanthamoeba castellanii, Neff's strain, are considered to 
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Total cc NH2 N 
AMINO Acrn UTILIZATION FROM OGM BY 
Acanthamoeba 
10·6 Moles/ml" Percent 
Fresh Conditioned Decrease 
8.06 6.02 25.2 
2.34 1.20 48.8 
6.58 3.64 44.6 
10.37 5.68 45.3 
11.42 7.66 32.1 
1.10 0.56 49.l 
3.10 1.78 42.6 
4.80 2.56 46.7 
4.28 2.84 33.7 
1.21 0.82 .'32.2 
2.09 1.26 39.6 
4.96 4.07 18.0 
3.83 2.29 40.3 
3.22 1.90 41.0 
destroyed by acid hydrolysis 
0.75 0.70 6.8 
4.33 2.33 46.2 
-- --
72.44 45.31 37.3 
(Average) 
" Entries are averages of two determinations. 
f Essential amino acids ( 2,3). 
be arginine, glycine, methionine, leucine, isoleucine, and val-
ine (Adam, 1964; Adam and Blewett, 1967). These are 
among the preferred amino acids in both media, but they do 
not represent the complete group of highly used amino acids. 
All amino acids contained in OGM are of biological origin 
and, presumably, L isomers but racemic (DL) mixtures of 
valine and threonine were used in formulating the DM2 • As-
suming that Acanthamoeba lacks D amino acid oxidase (Mul-
ler and Moller, 1969) the percent decrease for the L form is 
greater than that listed in Table 3. Aspartic acid, glutamic 
acid, and serine, which occur only in OGM, are used exten-
sively, probably reflecting their central role in synthetic func-
tions. Alanine, lysine, praline, tryptophan, and tyrosine are 
not utilized to the same extent as the other amino acids. A 
general conclusion drawn from these tables is that there ap-
pears to be some selectivity in the utilization of amino acids 
by Acanthamoeba. Whether these differences represent se-
lective uptake or differential release from the amoebae after 
pinocytotic ingestion of the medium is yet to be determined. 
The amino acid composition of the amoebae in the two 
growth media is given in Tables 3 and 4. The major amino 
acids of Acanthamoeba are alanine, aspartate, glutamate, gly-
cine, and leucine, which collectively represent 49% of the 
amino acid molecules in amoebae grown in OGM or 44% 
from DM2• Alanine and praline are the common free intra-
cellular amino acids. The determination of free cellular amino 
acids may have been influenced by the occurrence of pino-
cytotic vacuoles. Despite precautions that were taken to avoid 
this, the values reported may be somewhat higher than the 
actual pool values. 
Utilization of amino acids in other than protein synthesis 
should result in nitrogenous excretory products such as NH:1 
( Cailleau, 1934; Neff et al., 1958) . Kinetic studies of NHa 
production of Acanthamoeba in DM2 and OGM indicated 
linear NH3 production at a rate of 0.027 picomoles per 
amoeba per hour. Amoebae grown in DM2 have less protein 
content than amoebae in OGM and, therefore, a higher rate 
of deamination per mg of protein. Ammonia, however, is not 
the only nitrogenous material produced. Purines and pyrimi-
dines have also been found in DM2 and OGM after growth. 
Since OGM initially contains nitrogen bases in various forms 
and DM2 lacks these bases, an interesting comparative sys-
tem is available for future work. In DM2 , alanine was found 
in small amounts in conditioned medium (Table l). It may 
be a true excretory product or may merely represent loss from 
intracellular pools (Table 3) through cell breakage. 
DISCUSSION 
There appears to be a differential utilization of the amino 
acids in the growth medium. Bowers and Olszewski ( 1972) 
have suggested that Acanthamoeba feeds pinocytotically in a 
non-selective fashion, though they did not rule out the exis-
tence of specific transport mechanisms. If amino acids are 
transported primarly by food vacuoles, then the differences 
in utilization rates observed are the result of differential loss 
and not uptake. Bowers and Olszewski demonstrated that leu-
cine (as well as other molecules) was ingested at a rate cor-
responding to 2 µl of medium/hour/106 amoebae. If this rate 
of pinocytosis is used to calculate the time necessary to pump 
31% of the DM2 through the average number of amoebae 
present in one of the cultures in these experiments (estimated 
to be 3-4 X 105 amoebae/ml), the time obtained (388-517 
hours) is in fair agreement with the age of the cultures. A 
similar calculation can be made for 4 7% utilization from 
OGM. This, along with the relatively low utilization rates 
and the inability to grow in a diluted medium (Adam, 1964), 
leads to the speculation that the selectivity observe:i is in 
leakage from the cell and not transport into the amoebae. 
The amino acid composition of Acanthamoeba is in gen-
eral agreement with the previous qualitative report of Schlei-
cher ( 1959) for amoebae proteins and the quantitative repent 
by Drainville and Gagnon ( 1973) for amino acid pools. The 
latter authors found that 60-80% of the total amino acid pool 
consisted of alanine, praline, and y-amino butyric acid (GA-
BA). In this study, alanine and praline made up 68% of the 
intracellular pool of amino acids in OGM-grown amoebae, 
and 60% in DM2 • 
These high pool levels correlate positively with the obser-
vations of Husain and Mohan Rao (1969) and Borut (1959) 
on the active types of transaminases in Hartmannellids. In 
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AcANTHAMOEBA AMINO Acrns 
TABLE 3. AMINO Acrn COMPOSITION oF Acanthamoeba GROWN IN DM~ 
Protein Amino Acids 
Total Percent 
10-14 M/Cell nM I mg Protein 10-14 M/Cell Total 
4.80 .487 3.37 70.2 
1.90 .271 1.88 99.0 
3.29 .467 3.24 98.6 
0.03"" " " 
4.22 .557 3.86 91.4 
3.37 .413 2.86 84.8 
0.88 .104 0.72 82.0 
1.60 .228 1.58 98.8 
2.86 .408 2.83 99.0 
2.68 .379 2.63 98.0 
0.71"" 
.102 0.71 1.31 .187 1.30 99.4 
2.38 .250 1.73 72.8 
2.18 .281 1.95 89.4 
1.98 .276 1.91 96.3 
1.04 .146 1.01 97.2 
2.51 .342 2.37 94.5 
f Essential amino acids ( 2,3). 





















TABLE 4. AMINO Acrn CoMPOSlTION OF Acanthamoeba GROWN IN OGM 
Protein Amino Acids 
Total Percent 
10-14 M/Cell nM I mg Protein 10-14 M/Cell Total 
27.7 0.525 25.3 93 
12.5 0.260 12.5 100 
25.6 0.527 25.4 99.2 
0.1 " 
29.5 0.605 29.2 99.1 
24.2 0.443 24.0 98.9 
5.0"" 0.103 5.0 
12.l 0.248 12.0 99.6 
23.0 0.473 22.8 99.3 
16.3 0.339 16.3 
5.1 0.106 5.1 
10.4"" 0.216 10.4 100 
15.5 0.295 14.2 91.7 
15.7 0.321 15.5 98.5 
15.0 0.307 14.8 98.9 
destroyed by acid hydrolysis 
8.0 0.162 7.8 98.1 
16.l 0.332 16.0 99.2 
f Essential amino acids ( 2,3). 
" Below detection limit. 
"" Approximation. 
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Hartmannella, alanine was the most active amino donor of the 
20 amino acids tested, followed by aspartic acid and serine. 
In Mayorella, aspartic acid and alanine were active donors, 
and strong glutamic acid decarboxylase activity leading to 
the formation of GABA was observed. 
The function of the high pool level of praline may be os-
moregulatory. Drainville and Gagnon ( 1973) demonstrated 
that increasing the osmolality of the growth medium led to 
increased intracellular levels of free amino acids. Praline 
pools showed the greatest increases, followed in order by 
hydroxyproline, alanine, serine, aspartic acid, and GABA. 
valine and an unknown in Amoeba dub:a, and histidine in A 
proteus when all three were grown under identical condi-
tions. If the culture conditions were varied for P. carolinensis, 
valine remained a primary constituent of the intracellular 
pools, but alanine and glycine increased significantly. In 
Acanthamoeba, this shift in pool patterns was not seen. Ala-
nine and praline remain the predominant intracellular pool 
constitutents in both of the media. 
Comparative data on free amino acids are available for 
other species of amoebae ( Friz, 1968). Friz found that valine 
was the most common amino acid in Pelomyxa carolinensis, 
If the cellular protein amino acid concentrations are ex-
pressed as a molar ratio relative to glutamic acid, a remark-
able constancy is observed. Most of the ratios for protein 
amino acids vary only a few percent between the two media. 
The lysine to glutamic acid ratio increases 18% in the pro-
tein of DM~ amoebae compared to those from OGM. Argin-
3
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ine, histidine, and valine show an average relative increase of 
14%. Glycine decreases by 15% in DM2-derived proteins com-
pared to OGM. All other molar ratios change less than 10%. 
Friz (1970) observed that Amoeba proteus does not show 
significant variations in protein amino acid patterns after 
starvation for 12 days and concluded that these patterns are 
independent of culture conditions. My observations suggest 
that some protein amino acid pattern variation is possible but 
there are not extensive protein composition changes associated 
with nutrition. These ratios might then serve as a useful 
taxonomic character for separating species. 
To summarize, Acanthamoeba ( 1) selectively uses amino 
acids supplied in the growth medium, ( 2) does not deplete 
the amino acids in the growth medium during normal popu-
lation growth, ( 3) produces NH3 as a nitrogenous excretory 
product, ( 4) shows variations in pool levels of free amino 
acids in different growth media, and ( 5) has slight differ-
ences in its protein amino acid patterns related to type of cul-
ture media used. 
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